Choosability of bipartite graphs with maximum degree $Delta$ by Bessy, Stéphane et al.
Choosability of bipartite graphs with maximum degree
Delta
Ste´phane Bessy, Fre´de´ric Havet, Je´roˆme Palaysi
To cite this version:
Ste´phane Bessy, Fre´de´ric Havet, Je´roˆme Palaysi. Choosability of bipartite graphs with maxi-
mum degree Delta. RR-4522, INRIA. 2002. <inria-00072066>
HAL Id: inria-00072066
https://hal.inria.fr/inria-00072066
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
















ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Choosability of bipartite graphs with maximum
degree
 
Stéphane Bessy — Frédéric Havet — Jérôme Palaysi
N° 4522
Juillet 2002
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)




























ﬀﬁﬂﬃ ﬃ"!#$%&('*)+ﬃ,$-/.021#%)3$54!#6*!#%7#8#8#7:9;!#<>=,?@=BADCE!#ﬃ  'F
GHAI)3$'*ﬃ"!#6*'*
 !		4
ﬂ  .ﬃ/ %+ﬃ/ 
4% .ﬃù.ﬃ/ ù&(*)+&-,& 0




Ã@¢MÊ4¥×Ë¡ Ã@¢¾½¥jk*Ê bq½jkxn8qwubij`lwmb¬lwﬃﬂqubnª~b×¢[ÌU¦ﬂÌpÎ¾¥kÏ}´Y¸uÙ³Â´³[¯¾Û¶ n¸X­ ¯²±³Â¸±+ m
Jwuln]b¨`lnw}qu¹ öpb+¨``lnw}qu°quxJ¢MÒ!¦kÓ¥fbj}q!mblUb|qulquxJVpb¤j}qkb6j"!¹qubbJm`bXÔ ¼~¢¾½¥ﬂÔ%¡öÌ









































































    } 0   
	





! "/  ﬀ  $# Ûﬀ´¶"â&%f³¾Úp¸ ﬀk¸¯²±+´¬Ü¯ ´ﬀ³[¯ ³Í¸µﬀk´ `Ú'ﬃH¯ ³¾Ú¬·c´J¯ · p· n¸Íµﬀk¸ﬂ¸@â ³MÚQ´³Y¯²±¤¶UÛ³
¢ã¾âäåæF¦8éMâcänåêÉçñè¥kÏ}ÙÚQÛ6Û±´8Ü­¸ 
ëXbl²j}x|xn`jkbw¹qk]b|xnacbopqts¤x»%qk]b|xnwuwkb6j}<xnp`!j}qr|xJxJmwk@wuxn¨baþ
â)( +*%p,Å .- /*

10
Å&!  0  42 3-54   0  6 â7(
0
! 4 














Ð/]`|ﬂ]]`lJj~l@qk]xJm`jul`x»ﬁÀnbw}qu|bjª¿« `lqkmwﬂl 8mb6jtquxJj^qux¤lnj ¤»ÅxJw^qk]baca!maöQma!¨<bw~xn»
ÀJbwkqk²|b6jFûﬀü¢Íâ+¥%xn»4lxnÁ	ÁÍ|ﬂ]xQx8jkln¨b^¨`lnw}qu°qubrnwﬂl`]`jFÐ/qk]¤aloQa!m`a bnwubbYlqÉacx8jtq¹âª Ymw






































¢M½`¥ç?èY¡ÄÔ ¼~¢M½`¥ÔÛ,ﬀf¸ﬂ´nÙÚm¸$ﬀ³Â¸ Y½n o8 r¸L¸$ﬀ !¯ ¶ `Ùﬂ¸ﬃ± Üﬃ¯°µﬀk´ÚÛhP ÚQ´±*´_¸ ﬀ¶U¸­




 ÚpÛÛ±´8Ü¯ ­°¯ ³ÛÜ¯ p´,ﬀ³M¯ ³Â¸*µ,ﬀu´`ÚJ± 
 bq 	
8¼~¢M½`¥ﬁ¡ ó #5¦ #n¦ÝÝÝ¦ #QõJª
(`xnw%¡DèfqkxûXpx
(%`l Jbwub 0	xn»	qu]bnwﬂl`]+`pm`|bxn© Ä¨8s¤qk]bÀJbwkqk²|bj¹Ð/]x8j}b*j}qr|xJ8qul`j #kª
«YjkjkJ+qu]b|xJxJmw #%qkxbÀnbwksÀJbwkqkbo¤xn» 0tª
	 bqY  ¡  ﬃ0kª
0
 ﬁ¬l ﬁ ¸ ﬀ Ü¯ ´ﬀ³[¯ ³Í¸ ¯°µﬀk´ `ÚÚQ´±´m_¸$ﬀ¶<¸­  






¢ U4¥ ©ó,U4õn¥Fl+Jxqux 	 qkbÈdnª
	 qkb©þﬁ«/`xJb*x»%qk]bÀJbwkqkbo+|²lnjuj}b6j^x»4qu]b¨`lwkqkqkxnx»>PÕqkx 0Vª
 bq!mjwuxÀnbcqu]`lqqu]bjkbq0(jl nbwk`b[ª  bqIU×l`'X ¨<bqtÐÉxOÀnbwkqk²|b6jx»0ºª 	 m<xJjkb»Åxnw







































!ﬀ%	ﬃ1	! "$ﬂﬁ'&(*)+& ,& .ﬃ/%ﬃ/ﬃ:9





















































(%JmwkbcdJþﬁ\^]`bnwﬂl] ; ln`°qﬂj/²j}q/lJjkjknacb8q~¼>=@? èBA
4   ﬁﬀ  bq #¨bqk]bnwﬂl]{|xJ`jkj}qkx»Hqu]wubb!|xnbj<;  ß	èîH^î÷ýxn»;ùÐ/]`xJjkbÀnbw}qu|bj/½
lnwkb*²pb8qu°ð`b6Øª  bqr¼¨bqk]bj}qYlJjkjkJacb8qrjkm`|ﬂ]qk]`lqY¼~¢M½`¥F¡ó8èn¦ﬂåp¦kýõ*ln`qk]lqr¼ñ|xn`|²pbj


















































#fÇ{Ãõ+ó8¢#¦Uﬀ¥ﬂÔ U©Ç%#fÇ{Ãõ8ª7(xnw^lU{Ç #YÇ{Ã@ß8qk]b*ÀJbwkqkbo¢#¦VUﬀ¥H²j	ytxnb¤qkxqu]b*Ànbw}qubo #rl




¼r¢#¥  ¡ óU%Ô U©Ç #õ>{óU%Ô  U©Ç%#õ,#rÇ©Ã
ln`
¼~¢}¢ #¦VU4¥}¥ﬁ¡ñ¼~¢k¢#¦U4¥k¥  ¡ó,U	¦Uﬀõﬀ;U{Ç%#fÇ{ÃÕÝ




ÞÂñln¼FÁÍ|xnxnmwu`ßH»ÅxJw¤blJ|ﬂ] U Çºß¿qu]b©Ànbw}qu|bjcxn»ó8¢#¦ Uﬀ¥ﬂÔ U Ç #VÇ#Ãõ©a!m`j}q+nbqqk]b


















 ÚpÛÛ±´8Ü¯ ­°¯ ³ÛÜ¯ p´,ﬀ³M¯ ³Â¸*µ,ﬀu´`ÚJ± 9
4   ﬁﬀ
 bq^¢[ @¦k¼~¥<¨<b^l!`j}quln`|bÉx»qu]b¹«T?  =¹v%ª«~!b8mÀlnbJq%jtqﬂl`|bY¢Í *ÎM¦u¼¿ÎÅ¥<als*¨b¹xn¨qulb6
»ÅxJwFqu]brônÁj?  =¹v~þ (xJw¿b6ln|ﬂ]Ànbw}qubo U{Ç{ÒñÐ/]x8j}b~²jtqÉ¼r¢ U4¥%]`lJj¿|lwﬂpl°qtscpßQj}bq¹¼
Î
¢ U4¥ﬁ¡¼r¢ U4¥ 










 ? ô`¦ﬂï Aﬁ¨bqk]`bJwuln]©l`©°qﬂjY²jtq*lnjuj}nacbJq*pb`|qkb (	nm`wkbcpª*ø~xqub!qu]`lq
,ò²j¹¨`lwkqkqkb*l`¤qk]`lqÉqu]b*Ànbw}qu|bjl`^bfp <bwkbJq^`lnw}qﬂj¿xn»ﬀqk]bf¨`lwkqkqkxn4ª (`xnw/lQs
qtÐ¹xc8qubnbwujCYË¡ßbqf¼
 ? ﬂ¦ Aﬀ¨<bqk]`b²jtqrlJjkjknacb8q/xn¨qulb6+»Åwuxna$¼
 ? ô¦uï Aﬀ¨QslsQ`cl









































 ? ô`¦ﬂï AÁÍ|xnxnmwu`!Ã@þﬁ|xnxnmw¹@jÉ»Åxnwu¨²pb+xn #rln`L8ß l`+!²j¿»ÅxJwk¨`b+xJ cl
M%ªrÞÍ»¹Ã@¢ M	¥É¡ èJßÐ¹b»ÅxJwu|bÃ@¢#¥¹¡Dý¤lOÃ@¢ELJ¥É¡Dåß<ln`qk]`b alsxnqY¨<b@|xnxnmwubﬀª
	
x`ß<ÐÉb
]lÀnbÃ@¢ M	¥ﬁ¡ åclØß`|xJ`jkb 8mb8qusJß`Ã@¢ELJ¥ﬁ¡Äènª¿\^]`bjklna@b*wublJj}xJbacbJq~lnb6xJÀJbwkqk²|b6jß
$4ß!rln`©j}]xÐ~jYqu]`lqÃ@¢Ek¥r¡ôl`¬Ã@¢`¥r¡ ïpß4ln`OxJOqu]bcÀnbw}qu|bjÌUß!tßﬀ l`?ûHßﬀqnÀnbj
qu]`lq*Ã@¢ﬁ?¥H¡ åcl©Ã@¢¾ûﬁ¥H¡èJª .rb`|b!|xJxJmwﬂj^¤l`¬dlnwkb*»ÅxJwk¨²pbxn #l`{|xnxnmwﬂj~cl
@lnwkbf»Åxnwu¨²pbxJ ß`lÐ¹b*a!m`j}q/]`lÀnbÃ@¢ #¥ﬁ¡ñÃ@¢ ¥H¡ñý`ßpÐ/]|ﬂ]²j^ac<xJjuj}¨bnª "
@ )ﬁ=?>4@#7#7
-  r¸±ﬂ±´¸³~´­´±ﬂ¯
 bq S ln`*¼  ? ô¦uï AJ¨bHqu]bFJwuln]l`fqujﬀ²jtqkÁÍlJjkjkJacb8q4pb|qkb6 (	nm`wkb `ª4\^]bFÀJbwkqk²|bj +5
ln` 5ß8l` /l/lwub¹²pbJqu°ðb@Ð/°qu]cqk]b/ÀJbwkqk²|b6j !lÉxn»qu]b/qtÐ¹x*|xnbjﬁxn» ,#ß , 5¹l
, *wkb6j}<b|qkÀnbsnªÉ«~`{¼ D? ô`¦uï A	|xJ|²pbj^Ð/qk]©¼ 
 ? ïp¦èAÉì¾wkb6j}ﬀªÉ¼ 
 ? ï¦uå A íÉxn©£¤¢ , 5¥ﬃﬂYó ?5¦ 5õ
ì¾wkb6j}4ª£¤¢ ,  ¥!ﬂ*ó   ¦   õíªørxqkbqk]lqfqk]b@nwﬂl]jTS ²jf¨`lwkqkqkbcl`©qk]`lqcln`b@?qk]b
julacb`lnw}q~xn»ﬁqk]b¨``lnw}qu°quxJﬀª (xnwYlQs¤qtÐ¹x8qubnbwujC*Ë¡ ß`bqY¼   ? ﬂ¦ A4¨<bqk]`b²j}qYlnjuj}n`a@b8q
















L   (5,2)































¼ D? ô`¦ﬂï AÁÍ|xnxnmwﬂl¨bnª "

bq#l`¼C? ô`¦ﬂï Aﬀ¨<b*qk]bJwuln]ln`°qﬂj^²jtqrlJjkjknacb8q~pb|qkb6 (%nmwub*`ªH\^]bÀJbwkqk²|bj




? åp¦èBA^ì¾wkb6j}4ª¼  ? ý`¦èAÅí/xJX£¤¢ ,Èü¥!ﬂ*ó Qü¦ üõ{ìÅwubjkﬀª!£¢WS¬¥	ﬂfóJ¦õn¥uª!\^]b@nwﬂl]Ñj











Ûﬀ!´¶"IYË¡e%Æ¯²±¶<Û³%¼C? ﬂ¦ A[Ï}ÙﬂÛ­Ûﬁ ﬀk´8Ü­¸, 
=,?I =BA










L   (3,1)N
L   (2,1)
N
(%nmwub*`þF\^]b*Jwuln] l`quj/j}qrlnjujkJacb8q^¼C? ô¦uï A[ª
4   ﬁﬀ  bq!ÃÑ¨<b¤lÈ¼  ? ô`¦ﬂï AÁÍ|xnxnmwu`+x» cª\^]bVÃ@¢ ¥Ë¡#ôß	Ã@¢  ü ¥Ë¡#ô{l`¬Ã@¢ ü ¥cË¡ ïpª
(`mwkqk]bwkacxnwubÉÃ@¢ü¥%¡ åpª7rqk]bwkÐ/²jkbnßÃ@¢ü¥ﬁ¡ è^jkxfÃ@¢ Qü¥ﬁ¡ñårÐ/]²|ﬂ]!|xJJquwulJp²|quj	vHwuxn<xJjk°quxJpª
.rb`|bOÃ@¢ ¥¡-è©ln`Ã@¢ n¥¤¡1ý`ª÷\^]²j¤|xJ8qkwﬂlnp²|qﬂj@vFwkxJx8j}qkxnñpª 	 x ®²jxnq+¼C? ô`¦uï AÁ
|xnxnmwﬂl¨`bJª "

bq1¨<b{qk]`b©nwﬂl]xJ¨pqulnb6Ö»ÅwkxJa qtÐ¹xV|xJb6j 75l`  {¨Qs×pb8qk»Ås8Èqu]b©ÀJbwkqk²|bj
|xnwubjkxJ`pquxIUl`mX¤ln`¤lJpln¤bpJbr¨<bqtÐ¹bb¤qk]`baª
	
bb (%Jmwkb*pªﬁ«~`bq¹¼<? ô AØ¨b
qu]bj}qflJjkjknacb8qr|xn`|²p¤Ð/qk]©¼C?°èn¦kô AÉì¾wkb6j}4ª~¼C? åp¦}ô A í¹xJO£¢  5¥ ﬂ X¬ìÅwubjkﬀª~£¢  n¥ ﬂ[Xpí
ln`¼<? ô AÍ¢ X<¥%¡óJèn¦ﬂåp¦kôõJª
1






















































L  (4)Q L  (4)Q L  (4)Q L  (4)Q
L  (4)Q




























































































8¶÷³MÚQ¸  ﬀuÛÛ!?Û ﬀkÛÛ±¯ ³[¯¾Û¶#"%³MÚQ¸O¶<Û¶ ÙﬂÛ­Û ﬀk´JÜ­¸?­ ¯²±³¤´±ﬂ±¯°µ¶·c¸¶`³Q±¸±%$h¸
¯ r¸$ﬀk¸¶³~ÙuÛ­Ûﬁ ﬀﬂ±  %ØÚ8¯²±!¯²±³MÚQ¸·¯ ¶¯ · p·ö¶"p·¤Üu¸ ﬀ!Û!ÙﬂÛ­Ûﬁ ﬀÛ,ﬀ@´ÙuÛp¶`³Â¸ ﬀu¸ Q´·'­¸, T8¶ J¸ﬂ¸ﬃ+¯ !´
























ﬂßpbqr¼-. ?  A4¨<b*qk]bj}qrlnjujkJacb8q¹xJ¨pquln`b+»ÅwkxJa$¼/.>? ô Aﬀ¨Qs+lns8¤l@<bwua!mpqﬂlqkxn F?xnqk]b
8qkbnbwﬂjÐ/]²|ﬂ]Èjklqk²jtðbj@Fﬁ¢Mô¥*¡ ﬂª (wuxna qu]b+`wkxQx»^x»~vHwuxn<xJjkqkxn 
ß%ÐÉbpbpm|bqu]`lq!bÀnbwks













¢ Uﬀ¥Y¡ ¼r¢ U4¥	¬óLJõ@»Åxnwjkxnacb LÈäÇº¼~¢M½`¥ußytxn'U¬qkxqk]`bÀnbwkqkbo©½©x»^l|xnQs
,  @x»1,Dl`jkbq~¼¿Î ÎM¢¾Ê	¥%¡¼
.











 ÚpÛÛ±´8Ü¯ ­°¯ ³ÛÜ¯ p´,ﬀ³M¯ ³Â¸*µ,ﬀu´`ÚJ± dJd
4   *  ,   i ûﬀün¢[ïp¥Fî×ßnô    
4   ﬁﬀ  bq~  ¨<brqu]b*nwﬂl]xJ¨pqulnb6»ÅwuxnaÑ  B ¨Qscxn!qu]bY»ÅxnxÐ/+þ7(`xnw¹ô@î ¿î  ßØìÅwubjkﬀª
ﬁ¡ñý8í¿²pbJqu°»Ås+qk]bÀJbwkqk²|b6j $4ß <ßÌ+ln`!4xn»	b6ln|ﬂ]j}m¨`nwﬂl] ,Łx»   Ð/qk]qk]b*ÀJbwkqk²|bj$4ß <ß`Ì
ln` !Uxn»Øqk]bYpb8qk²|l ,h)5   ìÅwubjkﬀª )5íªﬁÞÍqÉ²jFblJj}sqkx@|ﬂ]b|qk]lq^  ²jF¨``lnw}qu°qubnß8¨b6|lnm`j}b
²pbJqu°ðbVÀJbwkqk²|b6jb6VÈqk]bjulacb+`lnw}q@x»/qu]b¨``lnw}qu°quxJﬀßFlº Æ]`lJj!alopal^pbJwkbbpª
z{xnwubxÀnbwßJ»Åxnw^qtÐ¹xcb8qkð`bÀJbwkqk²|bj¹Ê©ln`½ß`¼ B ¢MÊ4¥%¡÷¼ B ¢¾½¥kª.rb`|bnß¼ B ²j/j}qkﬀÐ¹bÁÍpbð`b6
ln`O  ²jYxq¼hBﬂÁÂ|xJxJmwﬂl¨bnªf\^]b!Jwuln]O  ]`lJj'-n 
ÀJbwkqk²|bjìM+bjujr<bw*`lnwYx»It¥kª .~b`|b




4   *  ,   k ¸³<¢}ó ¦ #¦ `õJ¦ó ÎÅ¦ #ÎM¦ 8ÎMõn¥¿Ük¸É³MÚQ¸~Ü¯ p´,ﬀ³M¯ ³[¯¾Û¶+Û!60 ü< ü  
 ¶ ~­¸³¼Ük¸¹³MÚQ¸ Û­ ­ÛﬃH¯ ¶Qµ
­°¯²±ﬂ³/´±ﬂ±¯°µn¶`·¸¶³9^¼r¢6¥H¡ó8èn¦ﬂåQõY¡ ¼~¢Î ¥V%ﬁ¼~¢ ¥ﬁ¡ ¼r¢#Î¾¥H¡DóJèJ¦kýõ %ﬀ¼~¢ #¥ﬁ¡Dóå¦ký¦kôõ´¶ ¼r¢8ÎM¥ﬁ¡
óåp¦uýpõ %ﬀÚQ¸¶º´¶ @¼rÏ}ÙﬂÛ­Û ﬀ¯ ¶8µÃ1Û 0 ü4< ü #tÛ³MÚQ¸c³Wﬃ¿Û)¤±´³M¯²± $É¸±*Ã@¢ #¥¹¡Dô/%FÃ@¢6¥¹¡Ã@¢`¥¹¡ è %





































«r`lxnJxnm`jksJßQ°»FÃ@¢¾½QÎM¥ﬁ¡ñåßÐÉb*Jbq^qk]b|xn8qkwﬂln|qkxnÃ@¢ 8ÎM¥%¡ å¡÷Ã@¢ `¥ "

bq cl`X¼@¨<bcqk]bcJwuln]?ln`Oquj²jtqkÁÍlJjkjknacb8q*pb²|qub (%Jmwub-`ªc\^]`b@ÀJbwkqkbo©½ }ß













































































































¨QsÈpxJqu]b¤»ÅxJxÐ/Vþ(xnw cÇ óJèn¦kô`¦ E8õ
ì¾wkb6j}4ª/¡DåníßØb8qk»Åsqk]b@Ànbw}qu|bj 8ÎMßﬀ<ß 8Îﬁl xn»












 ÚpÛÛ±´8Ü¯ ­°¯ ³ÛÜ¯ p´,ﬀ³M¯ ³Â¸*µ,ﬀu´`ÚJ± d 
qu]`lqÉ  ²jH¨`lwkqkqkbJß¨<b|lnm`jkb/pb8qkð`bcÀJbwkqk²|bj%b6c@qu]b~jklnacb/`lwkqFx»<qk]b/¨``lnw}qu°quxJﬀßJln` 
]lnjÉaclopal<pbJwkbb'
`ªﬁzxJwkbxÀnbwß»ÅxJw¿qtÐ¹x!²pbJqu°ðb¤ÀJbwkqk²|b6jFÊl`½<ßp¼  ¢¾Ê	¥%¡ñ¼  ¢¾½¥kª .rb`|bnß
 Ä²j^xqr¼  ÁÍ|xnxnmwﬂl¨`b*l`]`lJj*d6-@ÀJbwkqk²|bjª .~b|bûﬀü¢ p¥Fî è6ånßª "
c  @ 	 0   -      ﬀÉ\^]b/lmqk]xJwuj	ÐÉxJm² nbÉqkxYqk]l? YÀQbwh=ÉxnJj%lnblÁ =É²lm`b1* *J
»ÅxJw~jtquam²lqkp²jk|m`juj}xn`jª
  ﬃ/ﬃ/%ﬃ H&J¹ﬃ/
àdá  ª%ªJ«r`pbwujkbﬀß =Éxnacbqu*`lnw}quln²lqkj 8m`lnwkb6jß©´³j # ±  ©¸    @´¶`± _¸4¯   U¸­ ± _  




Û·Ü¯ ¶<´³ÍÛ,ﬀ¯¾Ùﬂ´ / ìtd    8níß
x`ª`ßØd6J
<d ª
à á!z¬ªe?¹w /ßpzÈª".~myÂqubw6ßUjª\4m`úlß =ÉwuxJjujÉ»Åbwkqk²julqkxnx»%nwﬂl]+qk]bxnwus+llnwﬂ|wﬂl» q^alJqubÁ
`l|bYju|ﬂ]b6pmß1%ØÚ8¯ ﬀ³Ï Ø¸ﬂÙuÛ¶ 

























 ­ ¯¾¸ ©´³¾Úp¸·´³[¯¾Ù±  Xìtd    Qíßpd  	Jª
à á ª>=ÉxJn²jßF`ª ÁV=Yª * *JßFªﬁvﬁl²lsQjk[ßb=ÉxJxJwulqkxnÈjkmw²jtqubnß



















ﬀk´ `Ú/%ØÚp¸ﬂÛﬀ @´¶ 
 




 p·¸ ﬀu´¶`³[¯ p·ﬀìtd   9  JíßUdn
Ud6 9Qª












ìtd     
Jíß





Û­Ûﬀk´³M¯¾Û¶O¸³ ﬀkÛﬁp¯ ³M± n¸

ﬀk´ÚQ¸± %vH] % \^]bjkjßrÀJbwﬂj}qkirnxJjkb`](`xnmwubwß
fwkbxn¨`bJßØd    9Qª
àd6á)@ª .Yly/8jßﬃ~¨<bw¿b`b*Yxn`j}qkwum?8qkxn@²|ﬂ]Jq¹pÁ[»! wu¨¨`lwubwfwﬂl`]bﬀß"¯²±ﬂ±  $#Y %O´ﬀ³[¯ ¶
k
p³MÚQ¸$ﬀ
&	¶¯ 2 'O´³MÚ Ï 







àdJdáëª*cª .Ylbnß+(wub 8mb`|s¤lJjkjknacb8q6þ4qu]bxJwksl+l`²|lqkxn`jß/ﬀkÛ6Ùu¸ﬂ¸ ¯ ¶Qµ±  f³MÚQ¸T8
ﬁbﬁbﬁ
 ¬ì}d  -nJíßUd   9(Ud6pd`ª
@ )ﬁ=?>4@#7#7
d  r¸±ﬂ±´¸³~´­´±ﬂ¯
àdá %!ª .rlj}xJﬀß?@ªz{ln| fÀQwﬂlsnß ?fª\4xn» qß =É]xQxJjul¨`°qts+x»	¨``lnw}qu°qub*nwﬂl]`jß  ﬀﬂ±
 
Û·Ü¯ ¶<´Ï
³ÍÛ,ﬀ¯¾´  	ß4ì}d    
Jírd- Áﬂd Jª
àd áøª ﬂ!ª^gª¹z{ln]`lnbÀUß (Éª 	 ªÉg~xn¨<bwkquj¤ln`v%ª 	 ln8qk]`ln`lQwujk]`lnﬀß ÁÍ|ﬂ]`x8x8jkln¨b|xnacbqkb
¨`lwkqkqkbnwﬂl]jß %¸ﬂÙÚ8¶`¯¾Ùﬂ´­  ¸ Ûﬀ³      ß¿g/mpqunbwuj#~Ànbwujkqtsnß¿ørbÐ ?¹wum`jkÐ/|UßFøfß
d   dnª
àdáv%ª " %Yxn`bMß\^]b|ﬂ]xn²|b*Qma!¨<bw/xn» 0  <  ß ﬀk¸  ﬀ¯ ¶`³%g/mpqkJbwﬂj~ÀUªz{lqu]ﬀª %Ybpq6ª
àdá8(¹ª 	 ªng/xJ¨bw}qﬂjß(wuxnaJlnwk¨lnbÉqkx*wﬂlQ¨xÐ~jþﬀnbbwﬂlúlquxJ`j	x»Jwuln]c|xnxnwufln`!qk]bw
l`²|lqkxn`jß  ﬀk´ `Ú©³MÚQ¸ﬂÛﬀ 2%~ÙﬂÛ·¤Ü¯ ¶U´³ÂÛﬀ¯¾Ù± %Y´¶ ´  ­°¯¾Ùu´³M¯¾Û¶±  Û­  &#c´­´·c´Û6Û2% &8 %
'
	 )ß	d `d UdJJpßëbs8Á[ÞÂ8qubwﬂjk|MªvHm`¨Mªß`ëbsnßø~bÐFxnw UßØd   `dnª
àd 
á8(¹ª 	 ªpg/xn¨<bwkqujßø~bÐ÷pwkb6|qkxnjÉnwﬂl]qu]bxJwks©ì¾Ð/°qu]ln+ba@`]`lnjkj¹xJ¤qk]`bfwuxnbfx»	ln°Á
|lqkxn`jﬂíß  ¶¶<´­ ±Û! ¯²±Ù$ﬀk¸³Í¸ ©´³¾Úp¸·´³[¯¾Ù±ﬂß  Xìtd    8íßUdﬂ8 `ª
àdﬁ96á«ªﬀz¬ª 	 ]b`pbcl`ﬂ?fªU\	bjkalﬀßØýÁÍ|ﬂ]xQx8jkln¨qts+x» 0AB <   ß
 
Û¶8µﬀk¸±u± Q± 
8p·c¸$ﬀk´¶`³[¯ p· ; 
ìtd    JJíßUd  	npdJª
àd -á ﬂ!ª @ª ﬂrú`ß>=Éxnxnwu`qu]bÀnbw}qu|bj*xn»^lJwuln]?Èwubju|wu¨<bX|xJxJwujß O¸³ÍÛﬁ!¯²± _ﬀu¸³ﬀ 






 ÚpÛÛ±´8Ü¯ ­°¯ ³ÛÜ¯ p´,ﬀ³M¯ ³Â¸*µ,ﬀu´`ÚJ± d
 ÄH%ﬃ H%
 !  ,	,   *	    
	I

      ﬀ 
 ( +*%p,  ﬂ- /*



















 &  -    i
 * *      	 ﬀ  ûﬀü¢[â  
@ )ﬁ=?>4@#7#7
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
